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Description 
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roquinone form or a pharmaceutical acceptable salt thereof. 
Background Art 

,0002, N*icox*e(NO)is*o^^ 

isozymes of NOS have been found: the ^^J^f^S^SSS^ transition of iNOS can be 
zyme (iNOS) (Moncada. S. and H ig gs. A. (1993) N. Eng. JJWed. aw. m> ) c 
activated by an action of endotoxins and ^^Z^^ln^ ^T^' * Closs?E. I. and 
chondrocytes, gliacytes, etc.. resulting in express.cn thereof (Forstermann. u, urn. 

Weinert. H. (1995) Biochem. Pharmacol. 50: I 321 - 1332 )- . . |ammatorv conditions regardless of the species, and the 
10003] The iNOS has been ^ 

™t ?^W-SS2^^E Nussle, A. , and B,a, T. R. (1993) , Leukoc. 
^"SbeenreportedM,^ 

S Furmermore.^^ 

bests:^^ 

5? ^excess of NO produced by the induct o, INOS ~ SKff.SS! 
Lse^arious diseases^. On the ^ 

required to suppress an .ncre ase . nUooc prawt a ™ *° ™ * e , ne ions of proteins that regulates the enzy- 
of cNOS and that are specrfc for " e J^^^^uc^ no NOS inhibitors have yet been 

matic activity of isozymes are very snrular b onnto « y piW . R 

found which are sufficiently specfc (Ogden J. E. and ^^'J^SSS- 40-48). 
Jr.. Hu. U Mizelle. H. L. Montani. J. ** V*MW*^^ 

[0007] As enzyme inhibitors, L-arg.n.ne (and am.no «^) d ™^ n ^ e » w effective> have been 

and Hentges. R. (1991) N. Engl. J. Med. 32 ^ 46 J^- f| w ^ tne Hood ^ p^nts with, for example. 

[0009] increases in TNF-a have been *e c aid Batfoni C (1990) Ann. Rheum. Dis. 49: 

rheumatoid arthritis (Tetta. C Camuss,. G„ MoftntV.. *,^Va5np5 M., Billingham, M. E. and Hard- 
665-667; Venn. G.. Nietfeld, J. J.. Du.ts. A. J.. B«nj^^^™f^J^ been demonstrated to be effec- 
ingham. T. E. (1993) Arthritis Rheum. 36: 819-826). ^"ZETtEE? Lrt Woody. J- N. (1994) 
tive in clinical trials (Elliott. M. J.. Maini. R. N C. Smolen, J. S.. Leeb. B.. 

Lancet 344: 1125-1127; Elliot. M. J Ma,n, R^N ^ 'dmann. M KaW ^ £ Cnffy E H., Kassi- 

Breedveki. F. C. Macfariane. J. D. BJ Kand* aM^Lancet 3 44. ^ 05 ^ ^ ^ 

mos. D., Kingsley. G. H., Sopwrth. A. M.. Isenberg, D. A. and Panayi. * i i b inted out and 

[0010] Furthermore, the invotvement of TNF-a .n seps.s or 'nflammatory £££Z!^jT. rjakker. J.. Mare- 
thearLora^effects^^^ 

Sa^r^ 
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Is tequlred (Nyman. U.. Mussener. A, Ursson. E., Lmentzen. J. and KlaresKog. l. (too v. w 

js^^arsss^«^-^- 

Lmal cells are sftm.la.ed with an Hhmmattry <#*m ,w*m -J**"^ ™ ™ ^iSheS they ttnd 
binds on the expression control region of the genom.c gene thereof, ^JJ^^SJ £L din Biol. Res. 
LreUed.ina^ 

cell adhesion factors such «^LJ?^Vm9Mo! Furthermore, it is known that inflammatory cytokines. 
M. Z.. Thanos, D. and Man.at.s T. ( 995) ""^^J^™^. and this fact is believed to be cause 
when bound to receptors, transduce NF-KB-act.vat.ng s,g na is v.a_ n ™»J understood as an etiological and 
that further aggravates inflammation. Thus, the ^n ol NF-kB .n ^. 137) . 
aggravating matter of diseases (Baeuert* P the like aivate NF-kB in 
[00161 in ^^*^??ZZ^Z^m Ecto, L. Allen-Ryan. J.. Anisowicz. A.. Sager. R. 

leading to the progression of viral propagation and d expression of these inflammatory 

[0017] Accordingly, it is possible to suppress attogether *» ^ re J gnd nf . kB inhibjtors are 

effects as the onset of peptic ulcer and central effects dmqs a , hign dose s inhibit the activation of 
« [0019J «ha S a.sobeenrepo^.n^ 

NF-kB (Auphan. N., D.Donato. J. A., Rosette < C.. He ' m ° er ^ J"" a " ' ] m p harmac0 |. 52: 421-429; Bitko. V.. 
ford. R. E.. Alfofd, P. B ^.JJJjF 

50 mechanism is required. . f antibodies that specHically bind 

ssl a. - — . * - 
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activation of NF-kB have not been known. 
Disclosure of the Invention 
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too*, *p-^-1^1«^^-^ 

derivative represented by the following general formula (1): 



20 




25 



(I) 



30 wherein 



50 



55 



R1 , R 2 . and R 3 are each independently a hydrogen atom, an alky, group having 1 to 5 carbons, or an alkoxy group 
r! isa a hydroxymethy. group, an alky, group, or a carboxy. group which is opdonaiiy esterHied or 



35 amidated; 
Zis 



40 





\ i 



CH=CH- CH=CH- 



SET SETS? «£Z£S2!+- «£ <■ «*- "--r?.SS2S 

myc, HIV, HTLV-1, SV40, CMV, and adenovirus. 
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100251 The present invention a.so provides preventive or therapeutic -^^^^^ 
of NF-kB comprising as an active ingredient a benzoquinone denvative represented by the general formula < , 
hydroquinone form or a pharmaceutical acceptable salt thereof. ingredient a 

eases, and viral diseases, in which Mrn ^ - WJJ^^ So^ulo^e^ony-stimuteting fee 
substancesselected^m^ nistocompatibi.«y system 

otensinogen. complement B. complement C4. c-myc. HIV HT LV ^ SV40_ omv. ana 
hydroquinone form or a pharmaceutical acceptable salt thereof. 



Brief Explanation of Drawings 
20 [0029] 



25 Ceashowsthatthecompour^ 
as measured by a gel shift assay. 

that of the labeled probe under the same condition as that of L. 
Ffcureashowstheeflertd^ 

SCSSl the effect of the compound obtained in Example 4 on the production of NO and TNF-« after stimu- 

medim hou before LPS simulation and then the NO level (A) in the culture med,um 24 hours after the stim- 
Iffrt .ESSS (B) in the culture medium J I hou. after "™£^2T^ 
Figure 5 shows changes in the amount of mRNA of .NOS and TNF-a in the RAW264.7 cells. 

A shows the result obtained by the determination of the level of iNOS mRNA and TNF-a mRNA in the cells 6 
in the cells 6 hours after the stimulation were measured. 

of the prophlogistic agent. 
Embodiment for Carrying Out the Invention 

100301 The hydroquinone form as used herein refers to the compound that is formed by converting an oxo at posi- 



30 



35 



40 



45 



50 



55 



6 



EP 1 008 346 A1 



15 



a * .ho ho^nouinone rinq of the benzoquinone derivative of the present invention to a hydroxy 
fcnyl, *»*. pent* I-P-2S S2S •SSTXSCSSHS* M-ooa-t™ groups «h as 

carbons, or a heteroaryl-C.-C^IM group, or 'J^SSS sir atom, and; a group - 

oxide form. u„ jin _ 1 ♦„ o r-nrhons there mav be mentioned a straight or 

r0034l As specific examples of the alkyl group R 5 having 1 to 8 caroons, mere may . ..^ 

a r*«e groqy; a cyano group; a halogen alom suen aa a anon ^™ „«towsubsl«uled group and 

,„ 6 cartons auon as a math* «h»L propyl group, or Lr Mo- 

alkoxyalW « an aryl group ha«,ng preferatj, • * " 5^2^* * (ZaW and 3-phanrt«P»l 

ganated gnyop; an aralky. group hawro I prepay J^™*™ " Xy^PVlox, and bulyioxy gnaup; s 
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pheneth* a* 3-phenyiprcp* group. phen^gro u* an ff^^^^^T^ T^s 
n^lcarbonyl. ethylcarbonyj ^<^^^^Z^^^^ P-U or fully satu- 
such as a benzoyl group and the to; ; a 5- J^J^SSltS^ group consisting of a nitrogen, oxygen and sul- 
rated heterocyclic ring containing 1 to 3 benzothiophene. benzopyran. pyrazole. 
5 fur atom, for example, pyrrole, furan. th.ophene. ^^^^ maz <*e, thiazole. benzimidazole, ben- 
isoxazole. isothiazole, indazole. b«rT^SS^SSi E« "midine. pyrazine. cinnoline. phthalazine. 
zoxazole. benzothiazole. pyridine, qu.nol.ne. '^"^^ 

quinazoline. quinoxaline. and a partially ^J^^SS^'^^ different, said substituent 
substituted with one substituent or a combmat. \ metnyl ethyl, propyl and isopropyl group. 

, 0 being selected from an alky, group having preferably 1 * /^^J^ phenyl group, an 

an aratkyl having preferably 7 to 11 ^*^^*Z%^ JU*°* «d propylcarbony. group. 

tWfonaJly substitute^ hyd 5 rocart30 „ ring group 

As specific examples of the hydrocarbon r ng ^ a bK*a J!™^^ 2 ^j n ydronaphthalene. 1,2.3.4-tetrahy- 
to having9to11carbons.the^^ 

dronaphthalene and the likens specif ro ^«2 ic or partially or fully saturated heterocyclic ring 

tioned a 5- to 10-membered monocyclic or bicyclic unsat " r * ,{ *; ^ * n iU, e n oxvaen and sulfur atom, for example. 

containing 1 to 3 heteroatoms selected from the ^°\^^J^^Z ^7. isoxazole. isothiazole. 

pyrrole, furan. thiophene, pyran. indole, benzofuran ^^^^^^^^^ benzoxazole. benzothiazole. 
2S Mud to. benzoisoxazole, benzoisothiazole. imidazole. ****** quinazoline. quinoxaline. 

pyridine, quinoline. isoquinoline. pyridazine, pyridine JJJ»"*«J£ SeTke. as well as the partially or 

with the same substituent to those described above for R 5 . h „ atom t0 

[0037] As preferred examples of the heterocyclic group formed b , ^ ^and £ memb e red 
IhicMhey are attached, which may ^her conta, ^SCe afom to which they are attached, 

nitrogen-containing heterocyclic group formed by ^ ^^^Z^^^^^^gro^cons^^a 

eridino. homopiperidino, piperazino. ^X^nTm^beakSoneform, or the sulfur atom may be an oxide form, or 



40 [0039] Z is represented by 
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CH=CH- CH=CH- 
and n represents an integer from 0 to 6. In a preferred example, Z is 




H=CH- 
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-O -Q 




\ /r CH=CH - 



CH=CH- CH=CH- 
and n is an integer 0, or Z is 



70 





J5 
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group which is optionally esterif ied or amidated; Z is 
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and n is an integer 1 , 2 or 3. . 
[0041] Preferred specific compounds include the following compounds. 

m n u i5B^imethoxtf-3-me1hyl0.4*en2oquinon-2-ylmethyl)pheny^ 

1 5 4*enzoquinon-2-ylm . 

mS" 1 "252 IZ 3-meZl-1 4-benzoquinon.2-ylmethyl)phenyl]propionyl]dimethylam.ne. 

Nralo^imSlmethyM.4^^ 

I1SrethoS-3-methyl-1 4-benzoquinon-2-ylmethyl)phenyl)acry1oyl]benzytem.ne 

M^imethoxy-S^ 
ItlSdimetho^^^^ 

2 > 3-dimethoxy-6-benzyl-5-methyl-1 ,4-benzoquinone, nnmrtannl 
^rAfSR^imethoxv-3-methyl-1,4-benzoquinon-2-ylmethyl)phenyt]propanol, 

3-3-3 5,6-trimethyl-1 .A-benzoquinon^-ylmethyDphenyllacrylic aad. 
3- 3- 3 5,6-trimethyM ,4-benzoquinon-2-ylmethyl)pheny1|prop.on.c *»J 

zoquinon-a-ylmethyOphenyOpropionyfl^-methylpiperazine, 
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443K3.5,6-trimethyl-1.4-benzoquinon-2-ylmethyl)phenyll-nW«cacKl 

I 4 35 ltrimethyl-1 4-ben 2 oquinon-2-ylmethyl)phenytlacryl.c aad tfhylester. 

N-[M3.(5.6<flme1hoxy-3-f^ 

N-3-2-5^^^ 
N- 3-2-5.6^^^ 

N-pV^imet^ 

N V[4-5.6<iimethoxy-3-methyM,4*en Z oqu,non-^^ 

N- 3- 4- 5,6^im e thoxy-3-methyl-1.4-benzoqu,non-2-y m«W °SowK Wimethylpiperidine. 

1- 3- 4-(5.6<limethoxy-3-methyl-1,4-benzoqu.non-2-y me ^ 
1-3-4-5. 6 <^ 

soquinoline, hfinzoauinon-2-ylmethyl)phenyl]propionyl]piperidine, 
4-acetyl-4.phenyM-[3-[M5.6-d^^ 



10 



EP 1 008 346 A1 



(0Mi] ~ r ede^<* r ^^^ 

invention may be ptepated aecotdtns |to the ™*°"*???L" „ method baeed thereupon. 

»' <*«»■ ^ Znz^Se^SS R, and f% ate a Imogen atom, a meW 

or amidated; Z is 



J . ru-ru. 



-CH=CH- 

CH=CH- 'CH=CH- 
and. . is weeded b, an « K- 0 . t - » P«-< — « » «• « ^ 



cedure. 



MstbssLL 

[0044] An aldehyde represented by the general formula (II): 
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10 



(n) 

wherein R2. and R3 are as defined above, and Re represents an Jj" )U ' > nav ' n 9 1 *° ® carbons is allowed to react 
w?tn a Grignard reagent of a halide represented by the general formula (III): 



15 




5 — R9 



20 



(m) 



wherein X represents a bromine or a chlorine atom and R 9 represents a group: 



25 



30 



-G 

o- 1 



-< 



to obtain a compound represented by the general formula (IV): 



35 



40 




OR, OH 



-R 9 



45 



aldehyde represented by the general formula (V): 
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OR» OAc 



-CHO 



10 



(V) 



resented by the general formula (VI): 



20 



25 




-CH=CH-C0 2 C 2 H s 



OR B 



(VI) 



pound represented by the general formula (VII): 



35 



40 




-CH=CH-R^o 



(vn) 



45 



50 



wherein R 1§ R 2 . *3 and R 8 are as defined above, 

amidated. ^ . ... ^ . 

FQ0471 The compound (VII) is then oxidized with eerie 
tSpJnd of the present invention represented by the genera, formula (la). 



, and R 10 represents a carboxyl group which is optionally esterified or 
ammonium nitrate (hereinafter referred to as CAN) to yield 



55 
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"CV^CK^ - Rio 



10 



(la) 



15 



„ n a aro ^defined above Using the compound of formula (la) wherein R 10 is a carboxyl group. 

rest^a^ 
tively. 



20 



Method^ 



compound represented by the general formula (VIII): 



25 




-n — CH2CH2 — Rto 



30 



(VI) 



represented by the general formula (lb): 



40 




ll T -5— CH=CH-R, 0 



45 



(lb) 



50 



or amidated: Z is 
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10 



15 



20 



and n is an integer 0 may also be prepared by the following synthetic procedure. 
Method 3. 

[0052] An akJehyde obtained in the above method represented by the general formula (V) . 

OR, 

-H—CHO 

OR e OAc 




25 



30 



35 



(V) 

tion of sodium hydroxide to prepare a 



carboxylic acid represented by the general formula (IX): 




COOH 



OR a OH 



(DO 



40 



45 



50 
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Sytfsuch as TMSOTfto yield a compound represented by the general formula (X). 




COOH 



(X) 



mula (XI): 
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(XI) 



10 



75 resented by the general formula (Ic): 



20 




25 



(Ic) 



_ d anr 4 p are as defined above The compound of formula (Ic) wherein R 10 is a carboxyl group may 

30 ^e^ 
tively. 

Method 4. , 

35 [0056] An aldehyde represented by the general formula (II): 

OR, 



40 



45 




wherein R,. R 2 , R 3 and R 8 are as defined above, 
(XII): 



and an iodobenzoic acid ester represented by the general formula 



50 



.0 



-COOR,, 



55 



(xn) 
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resented by the general formula (XIII): 



-COOR 1t 



10 




(Xffl) 



15 



20 



25 



OR e 




(XI) 



30 



resented by the general formula (lc): 



35 



40 




45 



50 



(Ic) 

dated; Z is 



55 
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and n is an integer 1 or 3. may also be prepared by the following synthetic procedure. 



10 



[0060] A 



15 



20 



25 
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35 




carboxylic acid obtained in the above method represented by the general formula (XIV): 

OR 8 

7~(CH 2 ) m -COOH 

(XIV) 



wherein R1.R2.R3 and Re are a * 1 ^ e " n | ^ t ' h a ^ 0 JJf ^^Jal^ivMt^w^s ^^^^^^^^^^^^^^'^' 
chloride 10 prepare an aoM chloride, whreh ■ hen reacted -than excese* m „ „ 

by the general formula (XV): 



OR fl 




(CH 2 )( m *t)~ R lO 



40 



(XV) 



45 



e*e,einR,R,.M*R.»e.sd*in*.ho«^ 
resented by the general formula (Id): 



50 



55 
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-TT — (CH 2 )( m *i) — Rio 



» (Id). 

„ r, ~i „ «« oc Hrfineri above THe compound of formula (Id) wherein R 10 is a caiboxyt group 

„ st & - r^^rrss . p «— — - - — — - — * 

respectively. 
Method 6. 

20 [0062] insteadofthecompourKfre^^ 
the general formula (XVI): 



25 H H L -lr-(CH 2 ) m -cooH 



30 



35 



40 




(XVI) 



(3) separation by enzymatic reactions; and 

(4) separation by combinations of the above (1) to (3). 



50 



55 



10066, Since the compounds as claimed in the P<-^ 

!he aLtion of NF-kB, they are useful as preventive ^tn^ m^at^ vira. propagation. 

NF-kB. for example diseases caused by the excesswe jJ^J^SSK^ axcessh/e production of 
Speedy, they are ^ 

NO and/or TNF-a, including for example septjc ^ock osteoam m*rra u temj men ingitis. 



19 



EP 1008 346 A1 



10 



15 



20 
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tions.theyr.ybeusedo^^^ 
formdinjedions and th^ 

For example, they can be prepared by rraxing ihe irwenoon K»mpc ^ ^ be W ended into 
voring agents, excipiente. stabitizers. and the hke ■ « a wmmonly ^'^^^ ^ents such as crys- 
tab.ets etc. include, for examp.e. binders such as gdatin. ^h^ormuTated into capsu.es. the above oom- 

they may be used in combination wrth surtable solubrtizer such as PJJJJVJ^ ' preparations thus obtained can 
antioxidants, soothing agents, and the like may ateo be ."^^J^SSg « ^e pathologic state etc. the 
be administered to mammals including ^^^'JESSSTR mg, and more preferably about 
dai.ydoseper human adult is generally aboutO^ 

1 .0 to 25 mg in oral. When they are g.ven Pare-rteraHy ^ e d *' y d ^ P ^ U ^ e eferab 1 y about 0 .1 to 10 mg. 
istered at amounts about 0.001 to 50 mg. preferably abort 0. fll toj mg mo* p* y ^ by ^ ^ 

t00 69] The effect of NF-kB Wbrtion can be examined ^^ r ^^ eins e 9 ncoded by the genes, 
vation of NF-kB. or by determining directly or .nd.rectly the imourt ^nP^a p ^ jn 

[0070, Theetfedofsup^ 

suppressing edema produced using carrageenin as a prophlog. *g agent. Khas a ^ »^ ^ Bf , pharmacol . 
tion of NO and TNF-a production are effective in this model (F.hon M. £^J**^ H ^ Takate( ,. (1997) 

of the animals. ima «niH nHhrHis can also be evaluated in animal models of arthn- 

[0072] The efficacy as a therapeutic agent for the decoy sequence of NF-kB 

lis using adjuvants. When mode. T££ Kaneda ' Y - ^ 

is shown to suppress the .esion M XsL 1.-285). and thereby such mode, animate 

Examples 

rMiuUi 1 a n aiLdiffifi^ ^ 

« stg | - [1 [hydroxy f « ' c^^w^methinhnn^molhynphPnylM 

[0075, Toanic^ut^^ 
LaddeddropwiseaGrignardreagen^ 

nesium(1.40 g. 57.6 mmol) and then^^ 

water and was extracted with ether. After the extract was wasneo win »«« ^ CQm . 

ir e residuewaspurHiedbyasilicagelcolumn*romatography(hexan^ 3-i>»» 

pound (7.80 g, 20.0 mmol, yield 96%). 

3^ a [ ^ ^.(^^.»^ a m e thorv-6-m P thvlphenYt)m P thYl1hen Z ald^yde 
S ; were tiJeto. which was then stirred at room temperature for 16 hours. 
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acetate = 3 : 1) to yield the frtle compound (3.97 g. 10.2 mmol. y.eld 51 *>). 
,00781 Triethylphosphono^^^ 

U. 7.58 mmoO was added at room temperature and * he " mm0 |) obtained in Step 2 in THF 
ture was added dropwise under ice-coohng a solution of ^^^^^^J^ poured into water and 
(50 ml) and the mixture was stirred at ™om temperature to 16 distj|led ^, ^ residue was 

extracted with ether. The extract was washed with water « ^ * " w the m (2 . 37 g, 5.17 

purified by a silica gel column chromatography (hexane . ethyl acetate - 3 . i) to y.e« *~ 

mmol, yield 89%). 

^ m f o , , ^.^m^wS-m Pt h v l hPn/YD phenynanrYlir, acid ethyl^er 
85%). 

fitpp R 3-U-f* o * ^tPtrameth nvY-fi-mfithvlbenT^phenvflpropionic acid 

of 2 N sodium hyd.oade (30 ml) and 1 ,4<*»ana (15 ml) and toa ™*« "J" , aMtaB ^ MM 

yield 86%). 

SSasLL ^ ss pf , ; ^v Y .*.n.«,hv..i 4.^^ 
M Thecompound(,00g,2,7m.^^ 

water (10 ml), to which was added CAN (cenc ammomum nrtrate)^ 234 »4a mmo. a ^ ^ 

,5 room temperature for 30 minutes. The reason ^J~^££^ £ ^rified by a silica gel column 

pound (662 mg, 1.92 mmol. yield 72%). 
50 limiL - 1 [1 Bfetete ^ ^ooninnn-^mPthynphenynaayliC^d . 

SisaJ ?W o 3 4 ff . t ptr a m^ r y- ft -r rth v lhenzvnr,npnvl1 ^ Yllc acicl 

[00 B3] The compound (1.35g. 3.36 mmol) obtained in Step 4 of Example 1 ^^^t^SSi 
se ous solution of 2 N sodium hydroxide (30 ml) and 1 ^joxane -^^^T^ with ethy. acetate. 

mmol. yield 96%). 
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g^op p a.rA-fS.S-H'^hnyy.a.methY '--' A-hPn^nnuinon^-ylmPthyDphRnYnaCTYlic grid 

ylene chloride) to yield the title compound (452 mg. 1 .32 mmol, y.eld 84%). 

„ p p fc^^ ^.^thvl.1 ^.nronuinon^ylmeth^phpnyqprnpionYnmgrphQline 

pound (89 mg. 0.22 mmol, yield 7«t) as a ytllow crystal. 

0.078 mm.0 «^*a5^tt-S!i*l (» * am mmoj, 
amine (14 mg, 0.139 mmol) at -10 C toiiowea Dy swing iui o , 6ac tion mixture was diluted with water and 

was added thereto followed by stirring at room temperature for 1 hour. oH. The resulting res- 

0.061 mmol, yield 77%) as a yellow crystal. 

, c a c n n id 6 f1imrth^-^°' W--' A-hanzoau in»r,.?- ylmPthvltohpnvn propipnylTthiomorpholine S- 

pound (60 mg, yield 28%) of Example 5 and the compound (50 mg. yield 24 k) of Example b. 

40 p».mplfts7to20. 

[0089] According to the method of Example 3. the compounds of Examples 7 to 20 were synthesized. 
(Example 7) 

3 was employed to obtain the title compound (1 18 mg. 0.79 mmol. yield 50%). 
(Example 8) 

M p „ ae^Bgjhjafl ^^^ 



70 
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0.10 mmol, yield 18%). 
(Example 9) 

Example 3 was employed to obtain the title compound (46 mg, 0.12 mmol, yield 21%). 



(Example 10) 

f\ p H B ^ i ^»v Y ^. m p.^.i.4^ -^ M.nnn-p.v l m^vnnhPnvnpropion Y nethanolamine 

Example 3 was employed to obtain the title compound (65 mg. 0.18 mmol. y.eld 29%). 
(Example 11) 

20 M.p. ^^imethoxv -^H yM ^.nzoaninnn-P-YlmethyDphenyll pro pionvnbenzylamine 

25 Example 3 was employed to obtain the title compound (33 mg. 0.08 mmol. yield 13%). 
(Example 12) 

Example 3 was employed to obtain the title compound (61 mg. 0.14 mmol, yield 24%). 
35 (Example 13) 

H p [ >. fCg ^. mttt hnv y. a .m fl thv M A. ho n 7 nn l ,inon.2.vlm P thvl)Phpnynacrylovl1morphQling . 

pie 3 was employed to obtain the title compound (102 mg. 0.25 mmol, yield 43%). 
(Example 14) 

Example 3 was employed to obtain the title compound (140 mg. 0.33 mmol, yield 56*). 

50 

(Example 15) 

H p p- f .^ imo thnw. a .methvl-1 ^ 0 n 7 nn„inon.2.vlm P thvl)phPn V nacryloyllpiperidine 
3 was employed to obtain the title compound (129 mg, 0.32 mmol. yield 54%). 
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(Example 16) 

0.06 mmol. yield 11%). 
10 (Example 17) 

M p p ^fi^ejj ^^ 

Example 3 was employed to obtain the title compound (48 mg, 0.13 mmol. yield 22%). 
(Example 18) 

„ M.p. [ M ^im R ih 0 xY -*-™ ^-i 4-h e n Z oa ll inon.?-vlmeth Y l)phenynaor Y loyllethanolamin fi 

ExSe 3 was employed to obtain the title compound (14 mg. 0.04 mmol, y.eld 6%). 
(Example 19) 

M B H g g , ; ^v Y ...mpthvi-i.4^ P n7nn i .innn -?- y imethyi) P hmnncryiovl1ben Z yiamine 

ExaS 3 was employed to obtain the title compound (104 mg. 0.24 mmol. y.eld 42%). 
(Example 20) 

n p p p^^^nw-^Pthvl-I.^ ^^Minon-g-vlni^MlPhPnYnacryloytlphenethylamine 

Si 3 was empfoyed to obtain the file compound (170 mg. 0.38 mmol, y.eW 65%). 
Frnmplo o } 4J§ fi-Him a thov Y ^-m»thvi.i 4-ben7fxiuinon-2-ylmethyl)henzoic acid 

Method A 

stirred at room temperature for 5 hours. The reaction mixture was ana *• hydrochloric acid and then 

mmol, yield 100%). 

NMR (CDC.3): 2.27 (3H, s). 3.30 (3H. s). 3.75 (IK m). 3.82 (3H. s). 3.85 (3H. s). 3.94 (3H. s). 6.04 (1H. broad). 
7.42 (2H, m), 8.06 (2H, m) 
FABMS (m/z): 362 (M) + 
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g^o 4 jg * a s-tPtramethQxv- fi-^ ^vlhPnzvnhenzoic acid 

NMB (CDC,): 2.07 OH .). 3.70 (3H. .). 3.79 (3H. .). 3.92 (3H. .). 3.35 (3H. 4.07 (2H e>. 7.30 (2H n»>. 7.93 



(2H, m) 

to FABMS(m/z):346(M+H) + 



J5 



A.hPn7nauinon-P-vlmPthvl)b^nzQic^cid 
^ ,Ho Qrt c 7 c mmo n obtained in Step 2 was dissolved in a mixture of acetonrtrile (40 ml) and 

tered to yield the title compound (1 .82 g, 5.76 mmol, yield 99%). 



20 Method B 

gjgnj p-|rtQhenzoic acid methvlester 



used as a raw material in the subsequent reaction without purrfication. 

NMR(CDCI 3 ): 3.91 (3H, s). 7.74 (2H, d, J = 8.4 Hz), 7.80 (2H. d, J = 8.5 Hz) 
30 FABMS(m/z):263(M+H) + 

4jB(djffla ^ * 4 ■MAtn.mth ^Y f . mB *h U lnh a nvl^Mh^lhen7nir r affjd, wMSS&SL 
pm Toaso^ionofz-cr^ 

M methyllithium/ether solution (4.1 ml. 5.73 mmol). ^^^^aS^ ^9? mmol) obtained in Step 1 in 
ture was cooled to -78°C, to which was added ^^^^^S^bu^Jg. a solution of 2.3.4.5- 
dry tetrahydrofuran (2.0 ml) and the m,xture was further st, irred a »J« C tor4 ho« £ w«eq ^ was 
tetVamethoxy-6-methylbenzaldehyde (1.38 g. 5.73 mmol) jn dry l * r ^ d '^ chloride 

33%) was obtained. 

NMR (CDC.3): 2.26 (3H. s). 3.28 (3H, s). 3.82 (3H, s), 3.85 (3H s). 3.90 (3H. s). 3.94 (3H. s), 5.03 (1H. m). 6.01 
OH. d J = 10 5 Hz). 7.38 (2H. d. J = 8.2 Hz). 7.99 (2H. d. J = 8.4 Hz) 
FABMS(m/z):376(M+H) + 

c| a p a A. p 3 6. s.i e trame th»Y V -fi-mPthvlbpn7vl>henzoic acid methylgster 

added dtopwise a solution oi the compound (237 mg. 0.63 mrno» trotneo ■» > ^ 

hexane = 1 : 6) to yield the title compound (160 mg, 0.45 mmol, yield 71%). 

NMR (CDCI3): 2.06 (3H, * 3.68 (3H, s). 378 (3H. s), 3.88 (3H, S). 3.92 (3H, s). 3.94 (3H, s), 4.05 (2H, S). 7.16 
(2H, d, J = 8.1 Hz), 7.91 (2H, d, J = 8.1 Hz) 
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FABMS (m/z): 360 (M+H) + 



70 



75 



20 



25 



M Tne eon.ound (.60 X. 0.« —I MM >. j^Kl«tSi-SK5!S 

5 passion, catena. (91 og. 0.66 mmdl in m or SE£Z L extacted wilt oletv 

mg, 0.34 mmol. yield 76%). 

!ng oil the solvent and (tying wo* '^f ""T"** "JS S^olino a« men Ihe mMoro «as stood at Inn 

eh.- i n n n A w-n^., d-hnnrnnmnm MmnitiymnnrnylWwKline 

•M wTs employed to obtain the title compound (65 mg. 0.16 mmol. yield 51%). 

Sarcaifijg 1 M B fct^aa^Bg^ ^enzonuinon-Z-Ylm^YDP^nYn-n^itYricacid 
so Method^ 

3ui1 ?nr?i" tTrnnf t*™- *- m^rihPnrvhnh^lnropionir sod diaagpstial Ketone 
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NMR (CDC.3): 2.07 (3H. s). 2.60 (2H. m). 2.90 (2H, m). 3.69 (3H. s). 3.78 (3H. s). 3.91 (3H, s). 3.93 (3H. s). 3.97 
(2H, s), 5.16 (1H, broad), 7.04 (4H, m) 
FABMS (m/z): 398 (M)+ 



10 



15 



i„ Step 1 in dioxan. (3.5 ml) »»s added dropww art m*M, »s *™d J »«, MS e»a=t«d 

sr OT r^™r-r.*r.=srLd«« 

(210 mg, 0.54 mmol, yield 93%). 

NMR (CDC.3): 1 -92 (2H. m), 2.08 (3H, s). 2.34 (2H. m). 2.61 (2H, m). 3.70 (6H. s). 3.78 (2H, s). 3.91 (3H. s), 3.93 
(3H, s). 7.03 (4H, m) 
20 FABMS (m/z): 388 (M) + 

,01181 The compound (260 m, 0.67 mmol) ****** J gSSSS ^liSS^S 

title compound (154 mg. 0.43 mmol, yield 74%). 
Method B 

yield 38%). 

NMR (CDC.3): 2.07 (3H. s), 2.59 (2H, m). 2.90 (2H. m). 3.80 (2H, s). 3.98 (3H, s). 3.99 (3H. S). 5.17 (1H. broad). 

7.08 (4H. s) 
40 FABMS (m/z): 369 (M+H) + 

^ n ,. f ,. fK c .H. m othn™.a.meth YH ^-h O n 7 nnuin 0 n-?-^m P thYl)phen Y n-n-butYric acid , 
,0120, The W ound(70mg.O^^^^ 

and silver oxide (44 mg. 0.19 mmol) were used, and a method s«m.lar to that aescr |Deo 
pie 26 was employed to obtain the title compound (1 3 mg. 0.04 mmol. yeld 20 A). 
rinmr ,.o 7 ^A.,^ m ^ -^^ 4-h e nzooninnn-?-ylmethyl)phenynh l .tanoyl1morpholine 

,0121, 3- t 4-(,6^metho^^ 

Cne S acetate = 1 : 3) to yieW the title compound (42 mg. 0.098 mmol. y.e.d 49%). 
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Example 28. N-f4-r4-f5 6-dimpthr,*v.3-methv M A-h ft n 2 oQuinon-?-vlmeflhvl)phenYl1hirtanQYnt1iQmp^Q'' n g 

[0122] 4-[4-(5.6^imethoxy-3-methyl-1.4-ben2oquinon-2-ylmethyl)phenyl]-n-butyric acid (50 mg. 0.14 mmol) 
obtained in Example 26 and thiomorpholine (0.016 ml. 0.15 mmol) were used, a method similar to that descnbed in 
s Example 24 was.employed to obtain the title compound (15 mg. 0.034 mmol. yield 24%). 

Example 29. N4444-t5.6<limPthnxv-3-me1 h yl-i 4-henzoouinon-2-vlmethYl)phfin Y nbirtanoynpiperidine 

10123] 4.|4-(5 6-dimethoxy-3-methyl-1,4-ben2oquinon-2-y1methyl)pheny1]-n-butyric acid (50 mg. 0.14 mmol) 
10 obtained in Example 26 and pipeline (0.015 ml. 0.15 mmol) were used, and a method similar to that described .n 
Example 24 was employed to obtain the title compound (19 mg. 0.045 mmol. yield 32%). 

Example 30. N44-r4-(5.6-dim«th n *v-3.mettwM 4-benzoouino n.9-vlmethvltohPnvnhiitannvniSOPropylamine 

is 101241 4-[4-(5.6-dimethoxy-3-methy1-1.4-benzoquinon-2-ylmethy1)phenyl]-n-butyric acid (50 mg. 0.14 mmol) 
obtained in Example 26 and isopropylamine (0.013 ml. 0.15 mmol) were used, and a method similar to that descnbed 
in Example 24 was employed to obtain the title compound (30 mg. 0.075 mmol. yield 54%). 

Ev anT i» ai a-ra-fS fi-dimeth o w.a-m a thvl-1.4-benzoQuinon-2-YlmethYl)phenynpropionic acide 

20 [01251 2 3 45-tetramethoxy-6-methylbenzaldehyde (960 mg. 4.00 mmol) and 2-(3-bromophenyl)-1 .3-dioxolane 
(2.3 g, 10 mmol) were used, and a method similar to that described in Example 1 was employed to obtain the title com- 
pound (300 mg. 0.87 mmol). 

25 Fvflm nlfi 32. Mj3J3j&6^imjtho x y3^ 

r0126l 3-[3-(5.6-dimethoxy-3-methyl-1.4-benzoquinon-2-ylmethyl)phenyl]propionic acid (65 mg. 0.19 mmol) 
obtained in Example 31 and piperidine (0.022 ml. 0.21 mmol) were used, and a method similar to that described .n 
Example 24 was employed to obtain the title compound (27 mg, 0.066 mmol, yield 35%). 



30 



Fyamplfi 33. N-f3.f3-<B fi-dimethn * y.3.mathvl-1 ^ - hflnyofiuinon^-vlmethvDphenvnpronioyllthiomorphQlin^ 



[01271 3-[3-(5.6-dimethoxy-3-methy1-1.4-benzoquinon-2-ylmethyl)phenyl]propionic acid (65 mg, 0.19 mmol) 
obtained in Example 31 and thiomorpholine (0.022 ml. 0.21 mmol) were used, and a method similar to that descnbed 
35 in Example 24 was employed to obtain the title compound (26 mg. 0.061 mmol. yield 32%). 

F y a mpi f 34 N. t 3.r3-(5.6-dimP thnx Y.3.methvl-1 4-henzoquinon-2-ylmRthyl)phenynpropiQy11morphQline 

[01281 3-[3-(5.6-dimethoxy-3-methyl-1.4-benzoquinon-2-ylmethyl)phenyl]propionic acid (65 mg. 0.19 mmol) 
40 obtained in Example 31 and morpholine (0.019 ml. 0.21 mmol) were used, and a method similar to that described in 
Example 24 was employed to obtain the title compound (29 mg. 0.069 mmol. yield 36%). 

Example 35. N.f3-r3-<5.6-Himethoxv-3-mP«hvM .4-benzor y .innn.g-vlmelhvltohenvnpropioylliSPPropylamine 

45 [01291 3-[3-(5,6-dimethoxy-3-methyl-1.4-benzoquinon-2-ylmethyl)phenyl]propionic acid (65 mg . 0.19 mmol) 
obtained in Example 31 and isopropylamine (0.019 ml, 0.21 mmol) were used, and a method similar to that descnbed 
in Example 24 was employed to obtain the title compound (12 mg. 0.031 mmol, yield 16%). 

Example 36. 3-f3-t5.6-dimrthnw-3-methv l -i 4^Pnzoauinon-2-ylmethyl)phenvl1a<;ry1ic acid 

[01301 3-[3-(2,3,4,5-tetramethoxy-6-methylbenzyl)phenyl]acrylic acid ethylester (300 mg. 0.75 mmol) was used, 
and a method similar to that described in Example 2 was employed to obtain the title compound (220 mg. 0.64 mmol). 

Example 37. N-r3-r3-t5.6-dimathoxv-3-met h yl-i 4-hPnzoauinon-2-vlmethyl)phftn Y nacrylo Y ITpiperidine 

[01311 3-[3-(5.6-dimethoxy-3-methyl-1 ,4-benzoquinon-2-y1methy1)pheny1]acrylic acid (55 mg. 0.16 mmol) obtained 
in Example 36 and piperidine (0.018 ml, 0.18 mmol) were used, and a method similar to that described in Example 24 
was employed to obtain the title compound (30 mg, 0.073 mmol, yield 46%). 
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Exarg&LSg N-B f M« ^^^" -f ^ 1 ^ 0 r„nn„,nnn.»-vlmPthy>1)nhPnvl1acrylOYllmorpholin g 
rnittl 3-f3-(5 Wimethoxy-S-methyl-l.^benzoquinon-a-ylmethyDphenytlacrylic acid (55 mg. 0.16mmd) obteined 
s was employed to obtain the title compound (36 mg. 0.088 mmol. yield 55%). 

C y 3mpl » a§ N-t3 fH« ^■m^nw-a-m^ Y'--' ^^^ninnn-P-vlmPthvDphenynacryloynisoprOPylamine 

24 was employed to obtain the title compound (21 mg, 0.055 mmol. yield 34%). 

r , nmr , r M n p p^^^.^.m.thvl-I^Hnv nnninnn g ylmPthyDphPnynaayloynthiomorpholine 

24 was employed to obtain the title compound (32 mg, 0.075 mmol. yield 47%). 
F^amr^/" s. f * K-HimPthoxv-3- mpt h v l-l 4-be nzoqi.inon-?-ylmPthvl)ben 2 oic acid 

20 

g«Dp 1 m-indobenzoic acid methylester 

25 rial for the subsequent reaction without purification. 

NMR (CDCI3): 3.92 (3H. s). 7.18 (1H. m). 7.88 (1H. d. J = 8.0 Hz). 8.00 (IK d. J = 7.8 Hz). 8.38 (1H. S) 

FABMS (m/z): 263 (M+H)+ 
30 §jgg 9 3- fhvdroxv-pa a s-tBtrameth nv Y-fi-mPthvlDhenvDmethynbenzoic acid methylester 

Method 1 

[0136] The compound (1.08 g. 4.1 mmo.) obtained in Step 1 was used. ^^^^Jf - 
35 sYepi of Method B of Example 21 was employed to obtain the title compound (490 mg. 1.30 mmol. yield 32%). 

NMR (CDCI3): 2.26 (3H, s). 3.32 (3H. s). 3.82 (3H. s). 3.86 (3H. ft M0 (3K S). 3.94 (3H. s). 6.02 (1H. d. 
Hz), 7 39 (IK m). 7.47 (1H. d, J = 7.6 Hz). 7.91 (1K J = 7.4 Hz). 8.04 (1H. s) 
FABMS (m/z):376(M+H) + 



40 

Method 2 



45 pound (684 mg, 1 .28 mmol. yield 32%). 

g^c. m a a R . t Ptr a m e ihoy Y -fi- m '' th y |ha " zv » hpn7nir - ^ ™flhyiester 

roi381 The compound (245 mg. 0.65 mmol) obtained in Step 2 was used, and a method similar toHMcM in 
50 SSS of Mem^B^Example sfwas employed to obtain the *• compound (170mg. 0.47 mmol. y.eld 72%). 

NMR (CDCI3): 2.08 (3H. s). 3.70 (3H. s). 3.78 (3H. s). 3.89 (3H. s). 3.92 (3H. s). 3.94 (3H. s). 4.05 (2H. s). 7.26 - 
7.32 (2H. m). 7.83 (2H, m) 
FABMS (m/z): 360 (M+H) + 

55 

Step 4. a. {P 3 4.5-tetr?mftthQxv-6-me ^Yihpn7Yl)benzoic acid 

[01 39] The compound (1 70 mg, 0.47 mmol) obtained in Step 3 was used, and a method similar to that described in 
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Step 4 of Method B of Example 21 was employed to obtain the title compound (150 mg. 0.43 mmol. yieU 91%). 

NMR (CDC.3): 2.09 (3H. 3). 3.71 (3H, S). 3.79 (3H, S), 3.92 (3H. s). 3.94 (3H. s). 4.06 (2H. s). 7.33 (2H. m). 7.90 



(2H. m) 
FABMS(m/z):346(M+H) + 



stop r a.fS 6^im»thnw.a.methNf i-i A-hPnzoauinon-?-vlmetriYnhenzoicacid 

101401 The compound (150 mg. 0.43 mmol) obtained in Step 4 was " 
,o Step 5 of Method B of Example 21 was employed to obtain the title compound (1 17 mg, 0.37 mmol. yield 86%). 

r^^o M.p. ^ ^.m^w-a-met ^ A.h t ,n, n nu i n Q n.2.>rlmethvl)h P n7O Y niS0propylamine 
[01411 3-(5,.imethoxy^^ 

chloride : methanol = 20 : 1) to obtain the title compound (37 mg, 0.10 mmol. yield 37%). 
20 Pv a mpi ft aa N-r3- f* fi-Him*th n w3-m °t hYl-i A-benzoauinnn-P-vlmefhYDpipyidin^ 

employed to obtain the title compound (40 mg. 0.10 mmol. yield 37%). 
25 namely" "-p- f* ft-Himpthnxv-a-mP t hY'-i A-hP^oouinon^-vlmethYDmorphQling 

3 o employed to obtain the title compound (57 mg. 0.15 mmol, yield 54%). 

ExprriBlfi "r HM* ^™fr°™^ mo W- 1 a.^nzonuinon-9-vlmPthYltihinniorphQling 

employed to obtain the title compound (61 mg. 0.15 mmol. yield 54%). 

Exangjg jg Njaj ^a s fi-trimeth y'-i A.hPn 7 nouinon-?-vlmethvl)phenYnprnpionyllisopropylamine 

to obtain the title compound (18 mg. 0.051 mmol, yield 64%). 
45 cv^o A7 N-n-fA- p 5 ^r imrt h^-i 4.b r"^ '"""^-^m e th>rhnh P nvnnropion V npiperidipe 

so title compound (53 mg. 0.14 mmol, yield 59%). 

Exarch m i.i« sfi.inmethvi-1 4- hpn7on uinon-2-ylmplhyl)nhPnyllproRionyilmPrphoiine 

title compound (21 mg, 0.055 mmol. yield 69%). 
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to obtain the title compound (14 mg. 0.040 mmol. yield 42%). 

Cianm!ll gn ^ * fi , trimfithv io. >.-K 0n ^ ninnn.2^mo^rt)ph P nvnpropionvllpiperidine 
obtain the title compound (19 mg. 0.050 mmol. yield 52%). 

F y amp |p R1 5 fi-*imsthv M A.h 0 n,nn„in 0 n-2-vlm P thvl)phenvllpropionYllmorpholine 

obtain the title compound (25 mg. 0.066 mmol. yield 69%). 

, fCC ^ imo th.w. a .methvi-i 4-henronuinpn-2-y1mpthyi)Ph^Yi9cgticecid 

o ^..otr a mPth OX v6- mpt h v l hen 2 y l)ben 2 oir acid rtiazomethyl ketone , 

to obtain the title compound (96 mg. 0.26 mmol, yield). 

NMR (CDC.3): 2.07 (3H. s). 3.70 (3H. s). 3.79 (3H, s). 3.92 (3H, s). 3.95 (3H. s). 4.05 (2H, s), 5.85 (1H. s). 7.18 
(2H. d, J = 8.0 Hz), 7.65 (2H, d. J = 8.0 Hz) 
FABMS (m/z): 370 (M) + 

o „. fc c.H^ ^hnvv.a-meth v '-t A.h^Tnnuinon-^vlmethYnphenylacetiC acid , 
t^AdE,ampleMwase n »lo^looMi.lhelille«»npa.nd(63mg.0.19m™i). 

Bamaja w>f*— m ^ i , J .n,n n Minn nJ .,<m>« 1 vtiri l wvW(;«lYllTOrci<liw 

Without further purHication, this was d.ssolved .n dry e^ 

r^,, a K l [ >,. f .^ im ^ fW v. a -m e th>rl-1 4-hen7onMinon-2-ylmethvl)phen Y l^^llpiperWing 
was^ployed to obtain the title compound (7.8 mg. 0.020 mmol. y-eld 32%). 
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46 was employed to obtain the title compound (5.1 mg. 0.012 mmol, yield 19%). 
BaaajB mm f-r.n m&xsXM amsflyi*^^ 

% wTs ^ employed to obtain the title compound (5.1 mg. 0.014 mmol. yeW 22%). 

aanfeg i r ^^ af ^.m».hvi.i ^hon^uinon^-yimethyDPhenYigceticacid 
10 w a d s-tetra mPthnxY -fi-mPthYibenTyn ho n -oi n a n d dimethyl Keton e 

75 compound (410 mg, 1 .1 mmol, yield 69%). 

NMR (CM* 2.06 <3H. S). 3.71 «H * 3.76 <3H, * 3.93 (3H. s). 3.94 «3H. s,. 4.05 <2H. * 3.34 „H. .,. 7.26 
(1H. m). 7.32 (1H, m), 7.53 (1H, m), 7.58 (1H. m) 
FABMS (m/z): 370 (M) + 

Stga2 8 r ° ' ^-♦^°m 0 «h f «v6-meth>7lhen7vl)phenylacetic acid, 

" NMR ,CDO U : 2 .08 (3H. s). 3.00 ,2H. .,.3.68 ,3H. .). 3.76 (3H. * 3.32 ,3H. .). 3.94 (3H. * 4.00 (2H. «. 6.99 ■ 

7.09 (3H, m), 7.21 (1H,m) 

FABMS (m/z): 360 (M) + 
30 2MH 8 B B 4-benznn. .innn^-ylmPthYDphenYlacetic acid 

3, u^-n n p p n Hi m rttinTY--rr ^-i ^nnninnn 2 ^olhynph^r^llpip^ine 
employed to obtain the title compound (35 mg. 0.088 mmol. yield 33%). 

« 46 was employed to obtain the title compound (47 mg. 0.1 1 mmol. yeld 41%). 

t^op M [3. f" « hon^uinon-?-yimethyl)phen V .acetynmorph Q lin e 

was employed to obtain the title compound (41 mg. 0.10 mmol. yield 37%). 

mimjLj ^ M p B c ^^ w . 3 . ma thvl 1 Q.hPnrnnninon^ylmethynphenyl^tyli^ropylamine 

46 wTs employed to obtain the title compound (43 mg. 0.12 mmol. yeld 44%). 
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3 p p o , ^ ^nvy^meth ^hPnTynp henY^^^^^ 

NM R(CDC.3): 2 .07(3H.S,. W^"**"**™***"™* 9 "** 
,o 3.98 (2H. s), 5.17 (1H. broad). 6.91 • 6.99 (3H. m), 7.16 (1H, m) 
FABMS(m/z):398(M) + 

NMR (CDC,,: , .93 «K « I» W * 1- <*"■ « U> tH 4 » W * «■ (* * » * "* 
(3H, s), 3.99 (2H. s), 6.91 - 6.98 (3H. m). 7.16 (1H. m) 
20 FABMS (m/z): 388 (M) + 

Stepj i p p n ^enznm.innn 2 ylm o thynphPnyll-n-hilYric acid 

Example 46 was employed to obtain the title compound (16 mg. 0.038 mmol. yiew wbj. 

inlxSe X was employed to obtain the Me compound (26 mg. 0.059 mmol. y.eld 29%). 
LMML _ rri M r B fl .^^un^l < hPnrrxininon-P-ylmethyllpheny^.tanoynrnorpho.in e 

Example 46 was employed to obtain the title compound (28 mg, 0.066 mmol. yield 33%). 
45 ^^^Njj^^ " Vlm^ph^h^noyninoprop^mine 

in Example 46 was employed to obtain the title compound (17 mg. 0.043 mmol. yield zi«*j. 
50 zuatm mite —- ^—^,.1 ^onronninon-P-ylmethyDphenynacrylic acid . 

2 p-pY^v y-p 3 4 S .^r a m ^^ ^-^^HvlnhenvnmPthvl)ph P nyll-1 , 3-dioxolane 

« [0171 , 2 ^. br0 mo P heny1).1.3-dioxolane (2.03 g. 8.90 mmol) was used and a ,«ftod I similar to that described in 
E?i of Example 1 was employed to obtain the title compound (164 g. 4.20 mmol. yield 47%). 

NMR (CDC.3): 2,4 (3H. s). 3.64 (3H. s). 3.79 (3H. s). 3.90 (3H, s). 3.96 (3H. s). 4.08 ■ 4,9 (2H. m). 4.43 (1H. d. J 



33 



EP1 008 346 A1 

-a8H*«J7(1K*M6(lK4J-M«.ai7(1H.dlJ-7*H*7^-7»«W^7.W(lKd.J-7*« 
FABMS (m/z):390(M+H) + 

5 l0 172, Thecompound (640 mg. 164 mmo.) obtained in Step ^^^^^^^ 
Step 2 of Example 1 was employed to obtain the title compound (590 mg, 1.51 mmol. yield 92%). 

NMR (CDC.3): 2.15 (3H. s). 2.17 (3H. s). 3.64 (3H. s). 3.79 (3H. S) 3*7 (3H, 8). 3.95 (3H. S), 7.33 (IK * J - 7.7 
, 0 Hz), 7 45 (IK m). 7.53 (1H. m). 7.88 (1H. m). 7.94 (1H, s), 10.20 (1K s) 
FABMS (m/z): 388 (M+H)* 

2irn iip [ h» a * sjamaahj^^ acid ethYlester 

20 FABMS (m/z): 458 (M+H) + 

^ m j ? . [? . f9 ? a s-tPtrameth ^y y-fi- mrthvihenTvDnhenvilacrylic acM ethyiester 

FABMS (m/z): 400 (M+H) + 
Steo 5. 2 Jgjg a 4.5-tetram othnw-fi-methvlhpn7Vl)phenyllacryliQ aw» 

[0175] The compound (137 mg. 0.34 mmo.) obtained in Step 4 was used and a ^similar to that descrfoed in 
Step 1 of ExampleTwas employed to obtain the title compound (71 mg, 0.19 mmol. y-eld SB A). 

NMR (CDC,): 2.02 (3H. s). 3.64 (3H. s), 3.80 (3H. s) 3^92 (3H s, 3.96 (3K s). 4,2 (2H. s), 6.42 (1H. d. 
Hz), 6 75 (1K m). 7.21 - 7.25 (2H. m), 7.60 (1H. m), 8.32 (1H. d. J = 15.8 Hz) 
FABMS (m/z): 372 (M+H) + 

«, step 6 H»-« fi-rfi ^ v y-^^^hv'-i ^-hPn/oouinon^-ylmpthYDphpnyn^ryiic acid 

[0176] The compound (71 mg, 0.34 mmo.) obtained in Ste P 5 was ^J^^*™**** * 
Step 2 of Example 2 was employed to obtain the title compound (23 mg. 0.067 mmol. y.eld 35%). 

45 CMli^ nn N p r r ' — 4^nzonninon.2.y.methy.)ph P n V .1aay.oy.1thiomor P hpline 

1 S 46 was employed to obtain the title compound (10 mg. 0.023 mmol. y.eld 40%). 
50 Evsmpip flfl. 3-r2-(5 ^im rt hnw-a-m e t H Y <-i ^»n 7 nnuinon?-vlmethYnph P n Y npropionic acid 
gjgg 1 q.p. p a d fi.tetramothnw.fi-methv| h 0 n ^i)ph a nvn a roninnio acid ethyl^ 

the title compound (80 mg, 0.20 mmol, yield 95%). 
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FABMS(rn/z):402(M+H) + 
gg. g 3J2 J2 a * ^■tPtr n n. e thox v ^-m 0 *hvlhPnzvnDhenvnpropioniq acid 

[0 179] The compound (80 mg. 0.20 mmol) obtain* in Step 1 1 was use, to ** 
Step 6 ol Example 1 was employed to obtain the title compound (63 mg, 0.1 7 mmol. yield 85%). 

NMR (CDC.3): 2.03 (3H. s), 2.75 (2H. m). 3,2 (2H. n* 3.61 (3H s) 3^81 1 (3H. ., 3.91 (3H. s). 3.96 (3H. s). 3.98 
(2H. 8). 6.65 (1H. d. J = 7.6 Hz). 7.06 (IK m), 7.13 (1H. m). 7.20 (1H. d. J = 7.2 Hz) 
FABMS(m/z):374(M+H) + 

Step 3 a b ff fi Tl im r th m Y-^-°' h " 1 --' *- h °"™ ■inon-?-vlmettwnphpnyllpropionic acid 

[0 180] The compound (63 mg. 0.17 mmol) obtained in ^^i^S^ * ^ " 
Step 7 of Example 1 was employed to obtain the title compound (50 mg. 0.15 mmol. yield 88%). 

EumLTH M r r f-^ ^.^thv.-l .■h^nn.iinon-^YlmethYllphPnynpropiony^piperidine 
Example 46 was employed to obtain the title compound (8.4 mg. 0.020 mmol, yield 34%). 

2S Euinir 71 n r [g jgjfcgjn^^ 

£S « vSsTmployed to obL the title compound (10 mg. 0.024 mmol. yeW 34%). 
30 Esau* B M B B f c ' dimate ^^ 

35 in Example 46 was employed to obtain the title compound (10 mg. 0.024 mmol. yield 34%). 
in Example 46 was employed to obtain the Me compound (4.7 mg, 0.012 mmol. yield w 

Fv^n T .lfi74tOl89. 

« [0185] The ro mpourKlso1E X amp.e74to^ 

method: fi ^ ime thoxv-3-methvl-1 4-benzoquinon-2-ylmethyl)phenyl]propionic acid (100 mg. 

[0186] To a solution of 3-[4-(5,6-d.methoxy 3 jW^T* *• sequentially added triethylamine (0.2 ml. 
0.30 mmol) obtained in Example 1 in dry phosphonic acid anhydride 

1 .40 mmol). a solution of an amine (0.4 mmol) in ^eneflonde (0.6 mO and y t0 
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Experiment 1 . Gel shift method 

[0187] According to the gel shift method, a protein that binds to the NF-kB binding sequence [1 1 5th base to 1 06th 
base upstream of the transcription initiation point (No. -1 1 5 to No. -1 06), 1 7th (G) to 26th (C) in SEQ ID NO: 1] on the 
s SMIanWng sequence [131st base to 97th base upstream of the transcription initiation point (No. -131 to No. -97); SEQ 
ID NO: 1) of the hiNOS gene can be observed by cytokine stimulation. 

[0188] The gel shift method was carried out as follows: the present sequence (SEQ ID NO: 1)was labelled by dig- 
oxigenin (DIG), which was incubated with a nuclear fraction extracted from A549 cells available from ATCC (CCL185) 
and then was electrophoresed at 4°C using a 7.5% polyacrylamide gel. The nuclear fractions of the cell were extracted 
70 from the non-stimulated cells, the cells stimulated for 4 hours with IL-ip (1 ng/ml) or CM (human IL-1p (1 ng/ml) + 
human IFN-y (1000 U/ml) + human TNF-a (500 ng/ml)) by the method of Schreiber et al. (Auphan, N., DiDonato, J. A., 
Rosette. C., Heimberg, A. and Karin, M. (1995) Science 270: 286-290). The DNA in the electrophoresed gel was trans- 
ferred to a nylon membrane by electrotransferring and the DIG-iabelled DNA was detected as a chemiluminescence 
DIG-recognition antibody. 

75 [0189] Figure 1 shows the result of the above experiment, which revealed that there is a protein (A) that binds to 
the present sequence in the A549 nuclear fraction in a non-specific manner in the case of non-stimulation. However, it 
was found that stimulation with IL-1 p or CM results in the binding of another stronger binding protein (B). These findings 
have indicated that cytokine stimulation of the ceils activates NF-kB. 

[0190] It was demonstrated that the prior addition of the compound (20 jig/ml) of the present invention obtained in 
20 Example 4 under this experimental condition inhibits the activation of NF-kB of A549 cells caused by CM stimulation 
(Figure 2). 

Experiment 2. Effect on human lung carcinoma c ell line A549 (A549/NF-kBLuc) that has stablv introduced a luciferase 
plasmid (dNFkB-Luc. Strataoene. U.S.A.) regulated bv the NF-kB binding sequence. 

25 

[0191] Using lipofectamine (Ufetech Oriental K.K., Tokyo) according to the conventional method, A549 cells were 
co-transfected with pNFicB-Luc and pSV2neo (Clontech, U.S.A.), and then A549/NF-kBLuc, the cell that has stably 
introduced pNFicB-Luc. was selected by adding G41 8 sulfate (1 mg/mi, Lifetech Oriental K.K.) to the culture medium. 
[0192] ft was confirmed and revealed that when A549/NF-kBLuC is stimulated with IL-1 p (1 ng/ml) or TNF-a (500 
30 ng/ml) for 4 hours, the compound obtained in Example 4 suppresses luciferase activity that has been regulated by the 
activation of NF-kB (Figure 3). The luciferase activity was measured using the Luciferase Assay System (Promega, 
U.S.A.). IC50 values are also shown in Table 1 together with the compounds of Examples 7 and 9. 



Test compound 


IC50 (nM) 


Test compound 


IC50 (^M) 




IL-1 stimulation 


TNF stimulation 




IL-1 stimulation 


Example 3 


29 




Example 65 


12 


Example 4 


10 


10 


Example 66 


3 


Example 7 


4 


10 


Example 70 


44 


Example 9 


3 


4 


Example 71 


56 


Example 23 


42 




Example 72 


42 


Example 27 


15 




Example 73 


34 


Example 28 


14 




Example 76 


14 


Example 29 


13 




Example 79 


13 


Example 30 


14 




Example 81 


5 


Example 32 


24 




Example 83 


1 


Example 33 


28 




Example 85 


5 


Example 34 


29 




Example 94 


1 


Example 35 


8 




Example 96 


17 


Example 37 


49 




Example 103 


10 



69 
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Table 1 (continued) 





Test compound 


IC50 (>iM) 


Test compound 


IC50 (fiM) 




IL-1 stimulation 


TNF stimulation 




IL-1 stimulation 


5 


Example 39 


39 




Example 104 


12 




Example 42 


22 




Example 105 


16 




Example 43 


21 




Example 106 


7 


10 


Example 44 


39 




Example 1 1 1 


14 


Example 45 


17 




Example 113 


16 




Example 46 


17 




Example 120 


2 




Example 47 


21 




Example 121 


7 


15 


Example 48 


18 




Example 128 


19 




Example 49 


28 




Example 136 


18 




Example 50 


16 




Example 137 


7 


20 


Example 51 


18 




Example 147 


47 


Example 53 


8 




Example 148 


25 




Example 54 


5 




Example 151 


20 




Example 55 


7 




Example 154 


28 


25 


Example 56 


5 




Example 163 


19 




Example 58 


13 




Example 167 


15 




Example 59 


12 




Example 168 


9 


30 


Example 60 


18 




Example 169 


43 




Example 61 


24 




Example 173 


36 




Example 63 


2 




Example 175 


19 




Example 64 


5 




Example 189 


28 



35 



Experiment 3. Effect of lipopolvsaccharide (LPS) stimulation on NO and TNF-g production 

[01 93] When various cells are stimulated with LPS, NF-kB is activated which results in the expression and induction 
40 of proteins represented by NDS and TNF-a, and thereby the cells start to produce NO and TNF-a. 

[0194] The Griess' method utilizing a diazo reaction has been known as a method for indirectly knowing that a cell 
actually produces NO. In the Griess* method, the Griess' reagent in which naphthylethylenediamine and sulfanilic acid 
have been mixed is reacted with N0 2 ion in the culture medium, and the color development thereof is measured by 
absorbance at 540 nm. The amount of NO accumulated in the cell culture medium after 24 hours was measured in this 
45 method with a result that the production of NO released from LPS (10 jig/ml)-stimulated RAW264.7 cells (ATCC, TIB- 
71) derived from macrophage is suppressed by the compound obtained in Example 4 (Figure 4A). 
[0195] The result of measurement using the Biotrack mouse TNF-a ELISA kit (Amersham Life Science, England) 
revealed that the compound obtained in Example 4 can also inhibit the production of TNF-a released from the 
RAW264.7 cells that were stimulated with LPS (10 ng/ml) for 4 hours (Figure 4B). 
so [0196] The inhibitory activity of the compounds shown in the Examples is expressed as an IC50 value. 



Table 2 



Test compound 


IC50 foM) 




NO production 


TNF-a Production 


Example 4 


21 


21 
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Table 2 (continued) 



Test compound 


IC50 fcM) 




NO production 


TNF-a Production 


Example 7 


15 


22 


Example 9 


10 


16 


Example 35 


19 


19 


Example 53 


19 


19 


Example 81 


13 


13 


Example 83 


6 


9 


Example 85 


21 


26 


Example 94 


9 


11 


Example 103 


31 


31 


Example 106 


17 


25 


Example 120 


7 


11 


Example 121 


13 


17 


Example 137 


20 


20 


Example 168 


17 


17 



[01971 Furthermore, when mRNA extracted from the RAW264.7 cells was determined by a reverse transcriptase- 
polymerase chain reaction (RT-PCR) method, it was confirmed that the mechanism of these suppresses are based 
on the level of gene expression of iNOS and TNF-a (Figure 5). 

Experiment 4. Suppressive e ffect on carraaeenin foot pad edema 

Experimental method 

[0198] Male Wistar rats (5 weeks old) weighing 90 - 120 g were used in the experiment. The rats were acclimated 
for one week and then were divided in following groups of eight animals: 

Test compound group 1 : Compound 1 (Example 4) 30 mg/kg 
Test compound group 2: Compound 2 (Example 7) 50 mg/kg 
Control group: 5% Dimethyl sulfoxide 

[01991 The test compound was given once intraperitoneally. and two hours later 0.1 ml of a prophlogistic agent was 
given once intradermally on the foot pad of the right hind leg of the animals to induce foot pad edema. The amount of 
the test compound administered was set at 10 ml/kg. and was calculated based on the body weight on the day of the 
experiment The control group received the same amount of 5% dimethyl sulfoxide. As the prophlogistic agent, carra- 
geenin (CARRAGEENAN Lambda, Sigma Chemical Company) was suspended in Japanese Pharmacopeia saline and 
was used as a 1% carrageenin suspension. Foot volume was measured by determining the volume of the right hind leg 
using a volume meter (TK-1 01 . manufactured by Yunikomu) before the administration of the test compound, 1 . 2. 3, and 
4 hours after the administration of the prophlogistic agent. The edema ratio and the edema suppression ratio was cal- 
culated by the following method. The suppressive effect of the compound of the present invention on edema was con- 
firmed (Figures 6 and 7): 

Edema ratio (%) = (foot volume after the administration 
of the prophlogistic agent - foot volume before the administration of the test compound) / foot volume before 

the administration of the test compound x 100 
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Edema suppression ratio (%) = (mean edema ratio of the 
control group - mean edema ratio of the test compound 
group) / mean edema ratio of the control group x 100 



5 

Industrial Applicability 

[02001 Since the compounds of the present invention can inhibit the activation of NF-kB they are useful aspreven- 
Cndyor Seutte agents for diseases caused by the activation of NF-kB, for example diseases caused by the 
.o excesSve mtafen of Lmmatory mediators and viral propagation. More specifically the NF-kB .nh,b,tors of *e 
SeXerS^ 

orSuciroVNOrW-^ includinTseptic shock, osteoarthritis, rheumatoid arthritis, cachexia, mulfple organ falure. 
Sm^torvbwe disisermalaria. Acquired immune deficiency syndrome, human T«ell leukemia. memngrt®. hep- 
3STS?"5SS2 !SrSeLrBehcers disease, systemic lupus erythematosus, ischemic heart d,sease. 
is Alzheimer's disease, and the like. 
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SEQUENCE LISTING 
<100> SUNTORY LIMITED 

<120> NF-KB inhibitor comprising phenylmethyl benzo- 
quinone as an active ingredient 

<130> G830 

<150> JP-10-092431 
<151> 1998-03-20 

<160> 1 

<210> 1 

<211> 35 

<212> DNA 

<213> Artificial sequent 

<220> 
<221> 
<222> 
<223> 

<400> 1 

aactgtacac aagctgggga cactcccttt ggaaa 



Claims 

1 . An NF- K B inhibitor comprising as an active ingredient a benzoquinone derivative represented by the following gen- 
eral formula (1): 
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0 



JUL 

R 2 ^Y^CH 2 -Z- (CH 2 ) B -R 4 



(I) 



wherein 

Rl , and R 3 are each independently a hydrogen atom, an alkyl group having 1 to 5 carbons, or an altoxy 

or amidated; 
Zis 




CH=CH- 



CH=CH- CH=CH- 



and, n is an integer from 0 to 6, or its hydroquinone form, or a pharmaceutical* acceptable salt thereof. 

2. The NF-kB inhibitor according to claim 1 in which R 1 and Ra are a hydrogen atom, a methyl group, or a methoxy 
group. 

40 3. The NF-kB inhibitor according to claim 1 or 2 in which R 3 is a hydrogen atom or a methyl group. 
4. The NF-kB inhibitor according to claim 1 . 2. or 3 in which Z is 



-Q -Q -<>CH=CH- 

CH=CH- CH=CH- 



50 

and n is an integer 0. 



5. The NF-kB inhibitor according to claim 1 , 2, or 3 in which Z is 
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-p -q . -o- 



and n is an integer 1,2, or 3. 



5 . The NF-kB inhibitor according to any one of claims 1 to 5 in which R 4 is a group 

atom, an optionally substituted alkyl group having 1 to 8 carbons, an optionally substrtuted phenyl group, or an 
optionally substituted aralkyl group having 7 to 1 1 caibons. 

7 The NF-kB inhibitor according to any one of claims 1 to 5 in which R 4 is a group -CONR^, wherein R e , and R, -are 
eachinde^^ 

S^Sc ur4aSSor partially saturated hydrocarbon ring group having 9 to 11 carbons an opt.ona.ly 
suS^SteSic group, an optionally substituted phenyl group, an optionally substituted aralkyl group hav- 
fng^ll cantor aLeroaryl-SU-alkyl group, or R, and R 7 . together with the "-tiogen atom o wb^h they 
are attached, represent a heterocyclic group which may further contain a nitrogen, oxygen, and/or sulfur atom. 

8 The NF-kB inhibitor according to any one of claims 1 to 5 in which R 4 is a group -CONR^ wherein Re * and Rj. 
8 - ^11Xn atom to which they are attached, represent a 5- to lO^embered 

nSogen^ontaining heterocyclic group which may contain, in addition to the carbon and n^en tonr 1 to 3 h<* 
eroatoms selected from the group consisting of a nitrogen, oxygen and sulfur atom, the carbon , ato m «r sad cyclrc 
group being optionally a ketone form or the sulfur atom on said cyclic group be,ng optionally an ox,de form. 

9 The NF-kB inhibitor according to claim 1 . 6, 7. or 8 in which R, and R 2 are a methyl group or a methoxy group; R 3 
is a methyl group: R 4 is a carboxyl group which is optionally esterified or armdated; Z .s 

-p -q -o 

and n is an integer1,2, or 3. 

10. The NF-kB inhibitor according to any one of claims 1 to 9 which biwpriq agenl *r 

one or more substances selected from the group consisting of IL-1, TNF-a. IL-2. ^**°*J"J^ Ws- 
ony-stimulating factor, interferon-p, ICAM-1. VCAM-1. ELAM-1, maior h.stocompat,b.lrty system d«Uj«te 
Compatibility system class II. ^-microglobulin, immunoglobulin light chain, serum amytod A, ang,oten S1 nogen. 
complement B. complement C4. c-myc. HIV, HTLV-1. SV40. CMV. and adenovirus. 

11. The NF-kB inhibitor according to any one of claims 1 to 9 which is a preventive or therapeutic agent for inflamma- 
tory diseases. 

12. TheNF-KBinhibitoraccor^^ 



13. The NF-kB inhibitor according to any one of claims 1 to 9 which is a preventive or therapeutic agent for viral dis- 



14 Aprevertiveortherapeuticagemtordiseases^^ 

a benzoquinone derivative represented by the following general formula (1): 
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0 

R 2 "ir CH *"~ Z ~" 



(CH 2 )„-R 4 

(I) 

wherein 

Rl , Rjj, and R 3 are each independently a hydrogen atom, an alkyl group having 1 to 5 carbons, or an alkoxy 

or amidated; 
Zis 



-p -q -o- 

cCcH- CH=CH- 

and, n is an integer Irom 0 to 6, or its hydroquinone form, or a pharmaceutically acceptable salt thereof. 
5. A novel compound selected from: 

IM-f3-[4-<5 6<limethoxy-3-methyl-1,4*enzoquinon-2-^ 
N-3W56<limethoxy-3-methyl^ 

N-f3-[4^56<limethoxy-3-methyl-1,4*enzoquinon-2-y^^ S-dioxide, 

N-3-[4-(56<limethoxy-3-methyl-1,4*enzoquinon-2-ylmethyl)phenynpropionyll^ 

N-[3-[4^5 6<iimethoxy-3-methyl-1,443enzoquinon-2-ylme 

N-[3-[4-(5 6<limethoxy-3-methyl-1,4*enzoquinon-2-ylmethyl)phenyQpropionyQisopropylamine, 
N- 4- 4-(5'6-dimethoxy3-methyl-1 ,4-benzoquinon-2-ylmethyl)phenyl]propionyl]ethanolamine, 
N- 3- 4- 5'6<Jimethoxy-3-methyl-1,4*enzoquinon-2-ylmethyl)phenyQpropionynbenzylarn.ne. 
N-[3-[4-(56<Jimethoxy-3-methyl-1,4*enzoquinon-2-ylmethyl)phenyr]propionyl]phenethyl amine, 
N-3-[4-(5!6<limethoxy-3-methyl-1,4*enzoquinon-27lmethyl)phenyQacryl()yqmorphol.ne 
N-[3-[4-(5 6-dimethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)phenyT]acryloy0thiomorpholine, 
N-3-[4-(5'6-dimethoxy-3-methyl-1.4-benzoquinon-2-ylmethyl)phenyl]acryloyQpiperid l ne, 
N- 3- 4-(5'6-dimethoxy-3-methyl-1 ,4-benzoquinon-2-ylmethyl)pheny0acryloyf]dimethylam.ne, 
N- 3- 4-(5 6-dimethoxy-3-methyl-1.4-benzoquinon-2-ylmethyl)phenyl]acryloynisopropylam.ne, 
N-[3-[4-(5'6<Jimethoxy-3-methyl-1.4-benzoquinon-2-ylmethyl)phenynacryloyl]ethanolam.ne. 
N-3-f4W6<fimethoxy-3-me%l-1.4-benzoquinon-2-ylmethyl)phenyl]acryloyGbenzylam.ne, 
N- 3- 4- 56<limethoxy-3-memylO.4*enz<xiuinon-2-ylmethyl)pheny0acryloyQphenethylamine. 
N-343-(56<limethoxy-3-methyl-1.4-benz()quinon-2-ylmethyl)phenyQpropionynpiper.dine, 
N-[3-[3-(5 6^imethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)pheriyl]propionyl]thiomorpholine, 
N-[343-(56^imethoxy-3-me%M,4-ber>zoquinon-2-ylmethyl)phenyQpropionynmorphol l ne, 
N-3H3-(5 6<fimethoxy-3-methyl-1,4*erizoquinon-2-ylmethyl)phenyl)propiony0isop^ 
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3-[3-{5,6-dimeth<wy-3-methyl-1 ,4-benzoquinon-2-y1methyl)phenyI]acrylic acid. 

N-BW5Mim*h«y*m«l^ 
l*raWMimeth«y-3Hnel^ 
N-ra^56«iimethacy*-metoy1-l,4*ew^ 

N-f3^3K5'6KJimethoxy-3-methyl-1,4*enzoquinon-2-ylmethyl)pherTyl]acryloy0thiOT^ 
N-p^4H3.5.64rimethyl-1.4-benz<xiuinon-2-ylmethyl)phenyQpropionyl]isopropylamine, 
N-(3-[4V564rimethyl-1.4-benzc<iuinon-2-ylmethyl)phenyQpropionyl]piperidine, 
N-f3-[4^3'5'6-trimethyl-1.4-benzc<iuinon-2-ylme%l)phenyl]propionyl]morpholine. 
N-p^H3l5.6-trimethyl-1,4-benzoquinon-2-ylmethyl)pheny0propionynisopropylamine, 
N-t3-[3K3 5.64rimethyl-1.4-benzoquinon-2-ylmethyl)phenyQpropionyl]piperidine, 
3-[2-(5 6-dimethoxy-3-methyl-1 ,4-benzoquinon-2-ylmethyl)phenyl]acrylic acid, 
N-13^5 6<Jimethoxy-3-methyl-1^ 

3K2-(5 6-dimethoxy-3-methyl-1.4-benzoquinon-2-y»methyl)phenyi]propionic acid, 
N-[3-[2K5 6<iimethoxy-3-methyl-1 ,4*erc^ 

N-[3-[2K5'6<Jimethoxy-3-methyl-1,4*enz<x5uinon-2-y1methyl)pheny0propionyGmorpho^ 
N-[3W6<iimethQxy-3-me%l-1,4-benzoquino^ 

N-F342^56<)imethc*y-3-methyl-1.4*enz«iuinon-2-ylmethyl)pheny0propionyniscpropylam 

l*rai4-(5 6<iimethoxy-3-me^ 
N-[3-[4-(56<limethc^-3-me%l-l.4-benzoquino^ 

N-[3W56<iimethoxy-3-methyl-1.44>enzoquinon-2-ylmethyl)phenyQpropiony1]-2HTiet^ 
N-r3-[4-(5 6Kjimetho«y-3-methyl-1.44)enz(Xiuinon-2-ylmethy1)phenyQpropionyO-3-metM 
N4We<iimethoxy-3-methyl-1.4*enzoquinon-2^^^ 
N-raWe^imethoxy-S-methyl-l^enz^ 

N-ra-4-(5*6<limethoxy-3-methyl-1.44)enzoquinon-2-ylmethyl)phenynpropionyQ-3.4^ime* 

N-[3K4-(5 e-dimethcwy-S-methyl-l .44)enzoquinon-2-ylmethyl)ph e nyl]FopionyG-D,L-alanmol, 

N- 344- 5 6 <Jimethoxy-3-methyl-1.44 3 enzoquinon-2-ylmethyl)phenynpropionyQ-D.L-p.pecol.c aod ethylester. 

N-ra-[4-(5'6-dimethoxy-3-methyl-1 ,4-benzoquinon-2-ylmethyl)phenynpropionyG-L-prohnamrie. 

4-[3-[4-(5 6-dimethoxy-3-methyl-1 .4-benzoquinon-2-ylmethyl)phenyl]propionyl] aminophenylacetonitnle, 

N W(5 6<iimethcKy^methyl-1.4-benzc<iuino^ 

N-P44-5'6<iimethoxy.3-meW 

N-BW5.6<limelho X y-3-methyl-1.4-benzoquinon-2-ytmethy1^ 

N- 3-[4- 5 6<limethoxy-3-methyl-1.4-benz(^uinon-2-ylmethyt)pherry0propionyn-1,3 

N-3-4456<limethco(y-3-methyl-1,4-benzoquinon-2-ylmethyl)phenynprc^onyl]cyclohepty^ 

N V[M56<iimethoxy-3-methyl-1,4-benzc^ 

1 -f3-[4-(5 6-dimethoxy-3-methyl-1 ,4-benzcx^uinon-2-ylmethyl)phenyl]propionylh4-ethoxycarbonylp.peraz.n e , 
1 - 3-[4-(5*6Klimethoxy-3-methyl-1 ,4-benzoquinon-2-ylmethyl)phenyl]propionyl]-4-phenylpiperazine 
1- 344- 5 6-dimethoxy.3-methyl-1,4-benzcxquin^ 
H3V(5.6^imethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)phen^ 

N n [t[4^5.6<limethoxy-3-methyl-1,4-benzoquinon-2-ylmethy1)phenynprci3ionyl]^ 
N-r344-(56<iimethoxy-3-methyl-1^^ 

N-3W56<limethoxy-3-me%l-1.4-benzoquinon-2-ylmethyl)pheny0propiony1]cyclohexylamine. 
N-[3W.6<limethoxy-3-methyl-1.4-benzoquinon-2-ylmethyl)pheny0propionyn-4-hydroxyaniline, 

4-(5 6-dimethoxy-3-methyl-1 ,4-benzoquinon-2-ylmethyl)benzoic acid. 

N-[4-(56-dimethoxy-3-methyl-1.4-benzoquinon-2-ylmettiyl)benzoyllmorpholine, 

N-[4^5l6<limethoxy-3-methyl-1,4*enzoquinon-2-ylmethyl)benzoyQisopropylamine. 

N-[4-(56-dimethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)benzoyl]piperidine. 

N-[4K5.6<lime1hoxy-3-methyl-1 > 4-benzoquinon-2-ylmethyl)benzoyl]thiomorpholine. 

3-(5 6-dimethoxy-3-methyl-1 ,4-benzoquinon-2-ylmethyl)benzoic acid. 
N-t3k56<Jimethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)benzoyl]isoprcpylamine. 
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N-p-{5.6-dimethoxy-3-methyl-1.4-benzoquinon-2-ylmethyl)piperidine, 
N-p-(5,6-dimethoxy-3-methyl-1,4-ben2oquinon-2-ylmethyl)morpholine. 
N-r3K56KJimethoxy-3-methyl-1,44>enzoquinon-2-ylmethyl)thiomorpholine. 
444^5 6^imelhoxy-3-methyl-i,4*en2oquinon-2-ylmethyl)phenyl]-n-butyricaad, 

N W(5 6<iimethoxy-3-methyl-1 .4^ 

N-4We<limeth(^-3-methyl-1.445enzoquinon-2-ylmethyl)phenyl]butanoy0thiomorphot l ne. 

N-4K4-(5!6^imethoxy-3-methyl-1,4*enzoquinon-2-ylmethyl)pheny0butanoy0p.perid.ne. 

N-[4^4K5.6^imethoxy-3-methyl-1.4*enzoquinon-2-ylmethyl)phenyQbutanoy0isoprop^ 

4-(5 6-dimethoxy-3-methyl-1 ,4-benzoquinon-2-ylmethyl)phenylacetic acid. 
N-[M56<limethoxy-3-methyl-1,4*enzoquinon-2-yimethyl)phenylacety1lmorpholine^ 
N-[4-(5'6-dimethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)phenylacetyl]pipendine. 
N- 4-(5 6-dimetboxy-3-methy1-1 ,4-benzoquinon-2-ylmethyl)phenylacetyllthiomorphol.ne. 
N-[4-(5!e<limethoxy-3-methyl-1.4*enzoquinon-2-ylmethyl)phenylacetyQis(vropylam^ 

3-(5 6-dimethoxy-3-methyl-1 .4-benzoquinon-2-ylmethyl)phenylacetic acid, 
N-pKSe-dimethoxy-S-methyl-l^-benzoquinon^-ylmethylJphenylacetyllpiperidine, 
N-pV6<limethoxy-3-methyl-1.4*enz(x l uinon-2-ylmethyl)phenylacetyQth.omorpholine, 
N-[3-(5'6-dimethoxy-3-methyl-1.4-benzoquinon-2-ylmethyl)phenylacetyllmorpholine, 
N-[3-(5'6-dimethoxy-3-methyl-1.4-benzoquinon-2-ylmethyl)phenylacetyllmorpholine, 
443-(5 6-dimethoxy-3-methyl-1 ,4-benzoquinon-2-ylmethyl)phenyl]-n-butyric aad, 
N-[4-[3-(5 6-dimethaxy-3-methyl-1 ,4-benzoquinon-2-ylmethyl)phenyl]butanoy0pperidine, 
NVrsVe^limethc^-S-meW-l^enzo^ 

N- 4- 3-(5 6-dimethoxy-3-methyl-1 ^-benzoquinon^-ylmethyOphenyllbutanoyOmorpholme, and 
N-[4^5,6<limethoxy^-methyl-1.4*erttoquinon-2-yliTO^ 

16. An inhibitor of TNF-a production comprising as an active ingredient a benzoquinone derivative represented by the 
following general formula (1): 

O 

jlX 

R2^Y^CH 2 -Z- (CH 2 )„-R 4 
0 

(I) 



wherein 

R t> R 2 . and R 3 are each independently a hydrogen atom, an alkyl group having 1 to 5 carbons, or an alkoxy 
or amidated; 



Zis 




CH=CH- CH=CH- 




CH=CH- 
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and. n is an integer from 0 to 6, or its hydroquinone form, or a pharmaceutically acceptable salt thereof. 

17. The inhibitor of TNF-a production according to claim 16 in which R 1 and R 2 are a hydrogen atom, a methyl group, 
or a methoxy group. 

18. The inhibitor of TNF-a production according to claim 16 or 17 in which R 3 is a hydrogen atom or a methyl group. 

19. The inhibitor of TNF-a production according to claim 16, 17, or 18 in which Z is 



CH=CH- 



15 



20 



25 



30 



-Q -Q ~v> 



CH-CH- CH=CH 

and n is an integer 0. 
20. The inhibitor of TNF-a production according to claim 16, 17, or 18 in which Z is 

-p -q -o- 



and n is an integer 1 , 2, or 3. 



21. The inhibitor of TNF-a production according to any one of claims 16 to 20 in wh.ch R 4 .s a group ^"swherein 
R 5 is a hydrogen atom, an optionally substituted alkyl group having 1 to 8 carbons, an optionally substrtuted phenyl 
group, or an optionally substituted aralkyl group having 7 to 1 1 caibons. 

22. The inhibitor of TNF-a production according to any one of claims 16 to 20 in which R 4 te a group "COWWr 
35 wherein Re and R 7 are each independently a hydrogen atom, an optionally substrtuted alkyl group having , 1 to ,8 

Ziom. an optionally substrtuted bicyclic unsaturated or partially saturated l^drocarbon nng fl^W 9tol 1 
carbons, an optionally substituted heterocyclic group, an optionally substrtuted phenyl group, an optionalfy substi- 
tuted aralkyl group having 7 to 1 1 carbons, or a heteroaryl-C, -Chalky! group, or Re and R 7 together wrth thenrtro- 
genatomto which they are attached, represent a heterocyclic group which may further contam a nrtrogen. oxygen. 
40 and/or sulfur atom. 

23. The inhibitor of TNF-a production according to any one of claims 16 to 20 in which R 4 is a i group > ^ONRA 
wherein R fi and R 7 . together with the nitrogen atom to which they are attached, represent a 5- to 10-membered 
1£+JE*L ^nitrogen-containing heterocyclic group which may contain, in addrtion to toe carbon and 

« nrtrogen atom. 1 to 3 heteroatoms selected from the group consisting of a nrtrogen. oxygen ^ iuft»taM" 
carton atom on said cyclic group being optionally a ketone form or the sulfur atom on sa.d cychc group be.ng 
optionally an oxide form. 

24. The inhibitor of TNF-a production according to claim 16. 21 , 22, or 23 in which R, and R 2 are a methyl group or a 
methoxy group; R 3 is a methyl group: R 4 is a cartxwyl group which is optionally estenfied or arradated; Z is 



50 
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w 



and n is an integer 1 . 2. or 3. 

25. The inhibitor of TNF-a production according to any one of claims 16 to 24 which is a suppressing agent tor the gene 
expression of one or more substances selected from the group consisting of IL-1, TNF-a. IL-2. IL-6. IL-8 iNOS. 
granulocyte colony-stimulating factor, interferon-p. ICAM-1. VCAM-1. ELAM-1. plasminogen acttvator-mhibiting 
factor I, major histocompatibility system class I. major histocompatibility system class II. p2-m.croglobul.n ^immu- 
noglobulin light chain, serum amyloid A, angiotensinogen, complement B, complement C4. c-myc. HIV. HTLV-i, 
SV40, CMV, and adenovirus. 

26. The inhibitor of TNF-a production according to any one of claims 16to24 which is a preventive or therapeutic agent 
for inflammatory diseases. 

27. The inhibitor of TNF-a production according to any one of claims 16 to 24 which is a preventive or therapeutic agent 
for autoimmune diseases. 

28. The inhibitor of TNF-a production according to any one of claims 16 to 24 which is a preventive or therapeutic agent 
for viral diseases. 

29. A preventive or therapeutic agent for diseases caused by the excessive production of TNF-a comprising as an 
20 active ingredient a benzoquinone derivative represented by the following general formula (1): 

O 



15 



25 



30 



11 

R 2 / Y^CH 2 -2- <CH 2 ) n -R 4 
0 



(I) 



wherein 



R,. R 2 . and R 3 are each independently a hydrogen atom, an alkyl group having 1 to 5 carbons, or an alkoxy 
35 group having 1 to 5 carbons; 

R 4 is a hydrogen atom, a hydroxymethyl group, an alkyl group, or a carboxyl group whrch rs optionally estenfred 

or amidated; 



Zis 



40 



45 



CH=CH- 



CH=CH- CH=CH 



50 



and, n is an integer from 0 to 6, or its hydroquinone form, or a pharmaceutical^ acceptable salt thereof. 
55 30. A benzoquinone derivative represented by the following general formula (1): 
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0 



2 ^Y^CH 2 -Z-( 



Rj Y CH 2 -Z- (CH 2 )„-R 4 
0 

(1) 



wherein 

R v R2, and R 3 are each independently a hydrogen atom, an alkyl group having 1 to 5 carbons, or an alkoxy 

group having 1 to 5 carbons; ^ . .. ....^ 

R4 is a hydrogen atom, a hydroxymethyl group, an alkyl group, or a carboxyl group which is optionally esterrf ,ed 



or amidated; 
Zis 





\ // 



CH=CH- 



CH=CH- CH=CH- 
and. n is an integer from 0 to 6, provided that when Z is 



-O -Q -OcH=CH. 



CH=CH- CH-CH 



n is not 0, and when Z is 





n is neither 0 nor 2, 

or its hydroquinone form, or a pharmaceutical^ acceptable salt thereof. 

31. The benzoquinone derivative according to claim 30 in which Ri and R 2 are a hydrogen atom, a methyl group, or a 
methoxy group, or its hydroquinone form or a pharmaceutical^ acceptable salt thereof. 

32. The benzoquinone derivative according to claim 30 or 31 in which R 3 is a hydrogen atom or a methyl group, or its 
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hydroquinone form or a pharmaceutically accepta- 33. THe benzoquinone derivative according to claim 30. 
He St thereof. 31 . or 32 in wh.ch Z ,s 

-p -q -o- 



and n is an integer 1 or 3. or its hydroquinone form 
or a pharmaceutically acceptable salt thereof. 

34. The benzoquinone derivative according to any one 
of claims 30 to 33 in which R 4 is a group -COOR 5 
wherein R 5 is a hydrogen atom, an optionally sub- 
stituted alkyl group having 1 to 8 carbons, an 
optionally substituted phenyl group, or an optionally 
substituted aralkyl group having 7 to 1 1 carbons, or 
its hydroquinone form or a pharmaceutically 
acceptable salt thereof. 

35. The benzoquinone derivative according to any one 
of claims 30 to 33 in which R 4 is a group -CONR 6 R 7 
wherein R 6 and R 7 are each independently a hydro- 
gen atom, an optionally substituted alkyl group hav- 
ing 1 to 8 carbons, an optionally substituted bicyclic 
unsaturated or partially saturated hydrocarbon ring 
group having 9 to 1 1 carbons, an optionally substi- 
tuted heterocyclic group, an optionally substituted 
phenyl group, an optionally substituted aralkyl 
group having 7 to 11 carbons, or a heteroaryl-C r 
C 3 -alkyl group, or R 6 and R 7 , together with the 
nitrogen atom to which they are attached, represent 
a heterocyclic group which may further contain a 



nitrogen, oxygen and/or sulfur atom, or its hydroqui- 
none form or a pharmaceutically acceptable salt 
thereof. 

36. The benzoquinone derivative according to any one 
of claims 30 to 33 in which R 4 is a group -CONReRy 
wherein Rg and R 7 , together with the nitrogen atom 
to which they are attached, represent a 5- to 10- 
membered optionally substituted, nitrogen-contain- 
ing heterocyclic group which may contain, in addi- 
tion to the carbon and nitrogen atom, 1 to 3 
heteroatoms selected from the group consisting of 
a nitrogen, oxygen and sulfur atom, the carbon 
atom on said cyclic group being optionally a ketone 
form or the sulfur atom on said cyclic group being 
optionally an oxide form, or its hydroquinone form 
or a pharmaceutically acceptable salt thereof. 

37. The benzoquinone derivative according to claim 30, 
34, 35, or 36 in which R-j and R 2 are a methyl group 
or a methoxy group; R 3 is a methyl group: R 4 is a 
carboxyl group which is optionally esterrfied or ami- 
dated; Z is 



-O- 



and n is an integer 1 or 3, or its hydroquinone form 
or a pharmaceutically acceptable salt thereof. 
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